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(54) i&wozmi &fcm*mswiim&mt&£zs*<D9mjj& 



(57) [£ft] 

LT2~ 1 0Ha%, Mg A 1 2 04 7.t!^;U*2~7 
Kft^i%l~10gf%, Ti, Zr, H 
f, W, Mo, Ta, Nb*3«fct>*C rfrZ%:%m£9M 

T*fiT «?L¥tf l %OTT$> 5 » 3 9 
0 OMP aU±-?&K>. Mm$8ttMtf6. 3MPa-m 

i:-«-safbtJV^Jl5«t»l»ftttffi»T*io 4*J±IEM g 
A 1 2 0 4 Xkf^Ucf^T. MgOtAlz 0 3 t<D 




(2) 



tifflfl 2 0 0 3 - 3 4 5 8 1 



ILT2-1 0M%. M g A 1 2 O 4 Xfcf*;!^- 
711%, HMfc*tV*fc 1 ~ 1 OSg%, Ti, Zr, 
Hf, W, Mo, Ta, Nb43<kt>"C r fr£&3P<fc9 
jg#?£n.S>'>&< fcfe l«*lHfcttKiftJ*LT5iM% 
WTMTU «Wtfl%ttTT*5, 3 £tttf3£&# 
9 0 OMP aSLkT&tK WMEBtttftf6. 3MPa- 

[»*« 2 ] ftf£BM!l& LT^±«7C#S*l!{b»c& 
SLT2~10gl%, BMfrT^f^Afcl-aJM 

%, S^bT;U5-'j7A^2~5Ra%, Mcfbtfvjgfc 1 

-1011%, Ti. Zr, Hf, W. Mo, Ta, N 
bt5<ttfC rfr6fc*SM:t)*RSttS / J>&< kfe lffl 
SWbftKJWLT 5K*%WT*firU «?L*«« 1 % 
WTTffc t> , 3 £ffltf 5£j*tf 9 0 0 M P a «±-p* D , 
KWRttflW 6 . 3 M P a • m 1 /z JJLhT'&S^fttt 

Wo 
Mo 

«Gtt»«-©±ffifc:IBeLfcaHl4 OmmOt)ll±Cl 
Stf9. 3 5mm-pfeS3fl<DSU J 2«iaWH3»*E 
■ U £<D$£l)}fflmc3 9. 2MP acO^fr&EPiJQLfc 
ttJB-PEHEft 1 2 0 0 r pm©*frTT-[el*i£-ti-fci: t 

k, ±E»t» << *mwmBtttm<otmimmr * £ 

T©l§«E»T:£*Sn*iE*<!>i(rffr*<l x 1 O 7 @JW± 

ttawfo 

0MPaW±t<&t), iiostin^is^^asi 

gE>l!tgPt**^ifiS^9. 3 5mmt^5 3fflO(EI6# 
-Jl/«MW*— SU J 2fl(ME4)±ffiK:R£Lfc 
ffig4 OmmOtllilt±fc:±IS3fflOtaft3K-^*E« 
U C ©fisKuK— ;l/tc 5 . 9 G P a ©fyd8ttj£*ltf ft 
fflr*J:3Kfif«*9i40bfwtt«-PlHl(i» 1 2 0 0 r p 

whbi#— ii/oaffi*««iB-r**-eo«piiiiTfi«*n* 

t»**7] 5JI1%WT, affiSSfbtf 



2-1 OSi%, Mg A 1 2 04 7tf^.M2~7gl 
%, «ft*H**l~7M%. Ti. Hf. Zr. 
W, Mo, Ta. Nb, C r frfcfcSSJ: D»iRSftS 
< fc t 1 »6IWfc«NC»*bT 5 H«%WT^iP b 

(***SMktt»H*«t , 1?«ac 1 6 0 O'CWTTfttft'TS 

c t «mi t s aft m ^jHBJWfKtawosjs* 

So 

Toafttti/^f&mtx «±8i7a6*iMb«jKiMibT 

2-1 0 81%, 8ftTy*S">i»*l~2K«%. 6£ 

fbT;b5->> /»* 2-5 nm%, Kfttfl^** 1 ~ 7 s 

Ti, Hf, Zr, W, Mo, Ta, Nb, Cr 
fr^lHSb, »6ftfcid8Bf**#»fctt»ffliK [ r'T?»* 

i 6 oo*cwTT«ae-r*c rsafbtn^jis 

20 £Hft**l1£&%©£(&£&. 

3 OMP aW±(D?^fbtt^ffl«4>T'jg* 1 6 0 0t« 

TT«a«i»*E7 p b^ (h i p) &m*mm?%cttt 

1±gPM<D^ii*i*o 

[0 0 0 1] 

BMKDMfsailMHH *R«ttaffe»n'**±J*fl' 

30 6 o o'CWTofftigft-c^bfcii^-tcfev^rt. fi£3R 
oa{b*tv^3i^je<*fcra«JM±©««*i:afl;»t''''iRtt 

©■fflDErttKHj-r*. 

[0 0 0 2] 

TI*affc»tl/iR-*±!IOWfc*-WtT)I/5-9A3R, 

±SIMfc«^©*aStt*IM:, fc*S<t»»c S i -f&±«7CfR 
-A 1 -0-N«Sjb*e>£SttWI (JKffi) 

jwns**ia«BfbL*3S*ft;-r*fc«>fcS!fti*nTv^o 
[0003] tK*©afk*ti/'»*«WM*:ttafl:ttif^*jiifi 

L, »5tlfc*JB(*«:jftfi)i<F*ffifflLr 1 7 0 0-1 9 
0 0"CSfi«i«gTRfr^P^fi!frs^T*Sa^nT 

[0 0 0 4] 
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mcomT&JjmzlS^Tl*. feffifflKtf 1 7 0 0-1 9 0 

[0 0 0 5] Scftu ±l2t^*^tcJ;oTSiit?n/-cS 
A^lRl-h LT^S & <D<D?t#T*«ft < . If tC«nft*I!ii!l*$ 

[0 0 0 6]!^ »ffi^fflarai:LT©-fe75-y* 
XWftcDffigtfiginLTJotK £<£>J:5ftffl>£t;::fc^T 
tt, £S®«T'&ST-B**€tt#flEtt3 t<^5 17 5 y * 

[0 0 0 7] LfrLfctf&x «»4H<D|gft>JC-;l/«:-b 

*ffi*^JSa U^T'Jg •) ig LSM* Lfctf&Cft L fc £ * 
fc, B««ttgI5«oe* , i»3#^*f£+«-C ; li*<, 

[0 0 0 8] *«Wtt±IE©<fc3ftWHBI»fcS*a"rS 
fctfjCftSnfttCQ-pfetK ff£ 1 6 0 0°ClXT<D<&ffi 

Kv^fMnaiftlcftlAT, BJ*ft& t tJto^tc^t)* 
[0 0 0 9] 

jaw***, mt<om<m^mtmfr*my&?%mz, 

fCfcOStlgLft;., 

[ooio] tcDfn^ nm%mm^mmn®3iic%; 

±WmtVS, M g A 1 z 0 4 X^^lgrcte&ft^tr* 

i, Hf, Zr, W, Mo, Ta, Nb, Crfre>jjE-& 
8¥<fc tx£.'>ft < 1 1 1 I^3r£li6o LfcKtt 

6 o o °c M.T<D{g.mmx'ffim l fc * # t = . ^^kh ^ 
Lfc^tcRFf^o^T'^siTkEypx (h i p) san 



[0 0 1 1] *»Btt±K»Jite»'3^T3fej«S*lfct, 

[0012] ^mBMicm^im^mmmm 
ft&mm*. &mmi£Lzi&±m7T:mzm<tmcim 

011%, Mg A 1 z 04 Xtr^.yl/^:2~7 
io KK%, Kfttn**l"~10li%, Ti, Zr, H 
f, W, Mo, Ta, NbioitfC r A^ft-5P<fc 9 ^ 
JRSn5'M< fct, l«*IMt«MdjWLT5M%JK 
TttU SWl%OTT-$t5, 3 ^ffljtf&^tf 9 
0 0MP aJ-X±T-£9. S6««314ffl^6. 3MPa-m 

£?Z e 

[0 0 13] &rc±.MEmQtflft£LT<DMg A 1 z 0 4 

»C&»LT2~ 1 0Hg%, Kftv^^A* 1 ~2 

%1~10S1%, Ti, Zr, Hf, W, Mo, T 
a, Nb*5«kD*C r<p5«:5*J:!)iRfh5 / >ft< t 
t ia^<t»cg!ffLT5R«%«T^ : fiiL, 
** 1 %«TT$ 9 , 3 jSft SfeSEtf 9 0 0 M P a JW±t? 
fet), 8*ig®1±fit# 6 . 3MPa-m 1 '' 2 g(±-?*« 

30 [0 0 l 4] * etc, ±ESffc^^*H»»tttt»»n: 
[0 0 1 5] WEaibWl/^JRJftttfrOttWSK^ 

[0016] &<tm>mmnm&#*im-t5t, m& 

tc ft « fc i«e<*©»«Wau*jMST U 1ttcB*fi1tgp 
ft m J-^T i: ft S «fc a ft flSffflft iS^«liS^*-r ScfcW 

[001 7] ^fc, ±cB*tttta»j*»fiii-r*aft^ 

t^^t*0=^fttf 3ia« 9 0 0 M P a W±-P* 5 . 
«ig»3ttfit±6. 3MPa •m 1/2 JiLti:**. ceo 

ft: ilS 4 0mmcO$Ajt±tcaflA s 9. 3 5mmT'fe5 3 
so lOSUJ2Sieillfl$$EIU £OlBtlWHc3 
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9 . 2 M P a Offlf«*9l40UfcttlKTIsrtsa 1 2 0 0 r 

(E*«D**^ 1 x l o 7 l3£U:-efc*WJW€ttatt*i:"*" 

[0 0 18] £5lc, ±KS{tin*Bi^*©ffi»»* 
tf200MPa HLtV& 0 „ d ©Sffc^ilEj&IStfcfr S> 

it«i#— ;i/*w«-r*-*s suj2*wifi©±Be» 

S LfcfiS 4 0 mmCOflJM±(C±fE 3 ffl©|g|&#— A** 
BHB U C <D<E»3p— 5 . 9 G P a ©B*»A4l£#J 
ft^ffl-TS U:fifS*WiObfc««-eiiHSR 12 0 0 
r pm<0*ffTTIa«ES-efci:*Ks ±EftffcttV*BK 

[0 0 19] £fc, *BBICfll«BBfi&fftt£J3^ 
T> tffiEBft»n^*«tt#«:T i, Hf. Zr. W, M 
o. Ta. Nb, C rfr6fc*««fct)»«Sn*4>fc< 

[0 0 2 0] ££>tc> BIEBfbtf^lHtttfttP5&«B 

[0021] gfc*^cff«ftfl:t?ir*HHJltf£tttt 
#<0»ifi£8;H\ K**l. 5B«%WT. atBM^ft: 
tt^B* 9 0 R»%JW±#* U ^tftS** 1 • 0 /i m 
ttT©B<kW-v*S»*fc, *±«7tB«rB:fl:»K:»B L 
T2~l 0SI%, MgAlz OiXMM2~7l 
«%, KfctfV»B*l~7BB%. Ti, Hf. Zr, 
W, Mo, Ta, Nb, C r fr€>ftS»«fc t>»«?S*i* 
'>ft< fcfc 1 i^Sf»Mlt 5Si%ttTS!lDL 

ftzim<t®&m%tp-e&£. i 6 o or^TT-^-r^ 

[0 0 2 2] iESji^jiJctJVTs ±ffij3sjtafiSi#£: b 
T<9Mg A 1 a 04 XtfiM/<DfWc, Blkv 

*1. 5I1%WT, ataSlltotV^%9 0©B%« 

u JF^tts** i . o n mWTosffcw-^BB* 

lc, «±«7c**iWk»K:»WLT2~l 0fi%, SI 
ft7^y^A%l~2Si%, K<t7';b5-^A^2 
~5«»%, KffcWvB*l~7K»%. Ti, Hf, 
Zr, W, Mo, Ta, Nb, C r *>6ft-5I¥ <t 
jn5^4< i: t 1 «*»ffc»«c»BLT SRBttJJTF 

fcjaaBtt*#Btfkttf*H3c , i 3 -efflS 1 6 o otttTr* 



[0023] *fc«ag», wsBBfctt^BBisfcfc** 

U 3 0 M P a W±«)*IWttt*B*+T 1 6 00t« 

TosiST^^KEyuT. (hip) ©g^nss-rs 

[0 0 2 4] ±E»Jfi*j*fc«kntf» B«BRttas»*«l 
jS*3Bfc*n*Bfctttt*B«-r**te» #±^7G^® 
flSft. MgA 1 2 04 xtf*;i/$fc«Bfbv^->»>A 
iiBffcT^-^AfcflDB^f*, KfkWvB, Ti, H 
f , Z r^Oft^fe^^iabTV^fcii). MgA 1 2 O 
10 4 X ^^/Viimit-C V V U * 2*ft £<D«±BH{fcft 

Tj^iSjiSiJi: LTBBU 1 6 0 0]gJ^T<O<5}aT© 

m±t zmm*m L,sfttt^BBis*©fiB»iS*Bffl 
[0025] asfcRffcin^BttBBKetHHRu Sfk 

T i , H f , Z r ft £©fc**tt»±B»fb«*©*fctt 
BBBi:tTO«li6*BJfr*i:fc«.fcx S i CfcWB 
20 fc«flffl«fc«5^T$mB{fc©«B*»U Bft:ttv-»B 

B««fflB*fc«±B7^B*«tr««fttmffltfBi8 

£e>&c&*I<Q¥i3fiIA' t 2 jimJWTfcBIBK: 
fttK »**ILS^0. 4 fi m«Tt?fe (3 , jltfL*^ 
1 . 0 %fcTr\ HjSStfSSB^BBT? 9 0 0 M P a W± 
«HMBttB#6. 3MPa-m l/2 JM±T* 
0 , BZB&USW 2 0 0 M P a «±©«B«l«r1tfc«*lfc 

30 [0 0 2 6] *«W3?ffiKfi^T«fflJtl, Bj**£tegB 

tt%«B*-*Sfc»^B#Wfl^±ja#i:ft*BfbW-^ 

e*»?>B***«LT\ BBMBtfi. 7fi%« 
T> #$L<«0. 7—1. 5H«%T-$«atSSgft: 
tn^*9 0fi%W±, #£L<«:9 2-9 7fil% 
^FiS&Htf 1. 0 ft mtTF. $?$ L < li 0 . 4 
-0. 8/imgft©«MfcBffctt^B»*«ffiB-r*ii 

[0 0 2 7] ftfc, g{tm-»BB**l»5tcfcLTtiaffiB 

ft*t ^«B»l9*Tttl«e(*; i: LfcB^lcBBflUFJe b 

BBS«t«*«iesBT***V 7X^i- Htj^BvBft^ 
k>BtSBtt?AUKBK:A 0 fiA,^B3a*©«MS#*^» e> 

6 0 0*CWTO«BB"P*iSLTS{t*n^«JWSi*i: b 

p«Bfii:'>«ffiffir*ci:»cJ:oT, BB«B*»S 
so Wft«i«i:ftO«tS*<OBB««l:tfBttffl* < 3i»*ti* 
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[0 0 2 8] *«8IMfi£fcfc^T, aUSMftttV*© 
*OE*«*9 0K*%W±O«Bti:l83eLtea*tt. 

<b. 9 7S«%$T*OSSHi:-r5o !if$L<tt92~9 
[0 0 2 9] *©*gjfc, Bfl:it^|ROttfUlflS3ti2: L 

0. 7-1. 5g«%T*&9, afflSftm^9 0 
*«%«±**rU ¥iSttS««l. 0 ft mWT, »SL 
<li0. 4-0. 8 ft m8A©«tt*«fbtn''JlS»** 

[0030] n icv-tzmmit o . 7 P mOLTonmum 

[0 0 3 1] £fc#«Wfc«*WJ«€tt»#*»l«-r* 

Stetn^&iemc^sn^&fgati 4 . 5®a% 

4 . 5 Jta%£i@* § £ fi*IMWB4'<0a*«?Lgjbt 

mm) ***HKT-r*. »?L<ii4. osi 

[0 0 3 2] fcfc, ±E<0<fc -3 n9M8<*©£ 

[0033] t£b\ic*ftmK&zmmmmmitm&t 

SfifbttvilWtlSfrOttWffi^OS^ftTLatt 0 . 4 ft 
mWTt-r^CfctfJeFSLV^ c©«*«?uitfo. 4 
nm*mz.5£, »K*Sff«*OieMi4:«:Da<, B* 

0. 2 ftmJWTt^" &o "o 
[0 0 3 4] 8^3fbtt^*M8»*£fcteIM0i: LT 

m^^±mfcmt lt«, y. ho, Er, vb, 

La, Sc. Pr, Ce, Nd, Dy, Sm, Gd&£ 
©«!fb«t)L<H:jijagSWtKJ:5, cn&©iWfc*t4 

*«w*«jwa^ $ fct± 2 «w±oiwb**e*-&*fc 

[0035] ±EJ*ttaifflojsiioa«. iWbi«Min»a 
jftHfcfcfcjtfbT 2 — 1 onm%<Dmmt-?% 0 so 



a*^2ga%*pcoJi^t±, &*g{*£H&®{b;&-5i/Hi;« 
a»«{b*^+^*o, wta±suais*^>*y>r k 

3 - 8 SM% i:-T 5 c i: tfm$ ^\ 

[0036] ztz. *%miad^Tmuf£ttti,T&m 

j««0«Effl*±*b«ttiEJt«t LT«*6U 1 600t 

[0 0 3 7] ±ISMg A 1 2 04 Xtf*;KDft»)fc:»tfb 
1* (MgO) ^KfbT^S^^A (A 1 2 O 

*#»&n*. ccD«^{c4bnt^Mgo<D^ftnai±, 1 
~2«i%oiEii:?n§ 0 attnatf 1 m%*M-put 
*Bf*o*«fb^+«-i?«*— 2ga%^a^.5 

«fc r> fcaa£&«^£iii^<*0»ft^iWt€ttAft 
[0 0 3 8] Sft, AI2 03©SiDlt±> 2-5SI 

%(08it?ni, o ^a*<2Ha%*»T«&*a#© 

«ffifbib^+fl"l***-2r, 5Sta%£ri@*3<fc3Kjg 
atc^i,^-8-{c{±^*gt*©^fi^>»*«14gp«i: LTO 

[0 0 3 9] *fc*»9!fc»^TjKinj«^i:LT«Ifflr 

swfb^vjR (s i o ti. Kg&mjmc&^T&micm 

-r*ans*«-r*i:i:feK:, s i 3 n< m&tiwmm 
«43«t xmmm&mft a<oimm^.s.^±.^ % rob 
ici-i o«a%©i5HT*^ftn$nso 
[oo4o] z<Dm<m^iii<DWiimmtf 1 «a%*^ 

if^cfe^Tl±^ljnS6*A <; F+^T**5-^> 1 OHM 
% i. j§a * 5»frKt4««*<0«*{b«CF+«' 

a%^i5H^-r-s 0 »tc3. 5~6H«%i:-ri.c t*^ 

[0 0 4 1] ats, ±EKtoJv^JRK«:aSatpgSi:^ 

[0 0 4 2] S/-c*fg^lCt5l,^Tffi<0^1jnfi!t^i:LT, 
Ti, Hf, Zr, W, Mo. T a , Nb, Cf^ i 
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Btc{gT£-£5±(;:, fSJIfflttfc43t^T 
««SSft«D«Wg«r*bS i 3 N4 *&&f*©®Mfi<J3£fi* 
|a]±^-^% ) £>cDT-fe!3> ItfC, Ti, Zr, H f COfka 

o. 3K»%*jSl^oli^^ct5v^T^±j^^ra^!J**^+5^•T- 

5H«%£@*5i§«tftS«^c«:&*§ft io 

[0 0 4 3] 3:fc±lST i , Z r, H f «<D{k#»ttfi 

[0 0 4 4] Sfc«tS*OjR?Wia:B*Rtt8IJ«©lKA^ 
»)#^*3J;a : ftif^»c^^<^»-r5fc:46 l . 0%W 
Ttft-Si^KSiiS-rSo »?L^AM . 0%*iSx5 

[0 0 4 5] *fgB^(C«§B«ft't4g|5#^SIfig-ri.M{t 

<om£8}ffl* M g A l 2 O 4 X fcliMgOtA 

gftgsin8iJ*5«fctfT i *©fk^*io*.TfliSiE${** 
co 0 4 6] ±.tz&m7is*mT>!8.mftttmfii?zm& 

fcJBlffi-r JBS»^*OI«JBm** 1 2 0M 

1 2 0MP a*jST'*-5«^-lcti, iilte^I 

isr s t a s *± »^ *fb£*& l fc b m &m 

•v *<Dfg£A^>8^{*LA^#Btift^. 
CO 0 4 7] ±Ktt!Wi<DSBfcUfcBBr (0WH» tt* 
S&KWDi&SfcftOS^fciiK WJ»ftttffls«<o**»^. 
tt*'fiTLTL$3. -J, JSJBflE**2 0 0MP a £ 

rL*30T, <fr-f Lfc®Hfrft*<fi^i:«:S-*.ft</\, * 
©fc*, ±iZmZfctilt 1 20~200MPa <D§gfflA< 

CO 0 4 8] ±e«)^llf^(C?l«flev>T. 
fklt^HSC^T'ifige 0 0 — 8 0 0U Sfcti^SJcpT so 
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igg40o~50oic-ei~2 ^Mlra^tT, ^feSsin 
co o 4 9] 9uzBim98mznrzim{**mmi}7>. * 

rnXX+T A> =f > #7. ft if 5S14#X *3fE* L fclHK 
<ttt*H«f»T 1 6 0 0 XUT<OM$LV 0 . 5~10t 

a, SHSCtaffi^ *«y h^VX. H I P ©lift if S- 
SOftlff JKIS& AVIV B n 5 c 

co o 5 o] *fc±iai«sa> f»6tift«(t»ii' | isjitts 

#K*f U ? B Ic 3 0 M P a W±0*»fttt*Ha*T 

s« i 6 o o tj^TT-&wfi7ME7Vx (h i p) mm 

CO 0 5 1] ±j^ate*oT*^S*ifcS{fcttV*» 
1. 0%«T, g*«?L@A<0. 4 /zmteCFT&tK * 

fc=£flifa**<fir»T?9 o omp a&L±tmmm& 

C 0 0 5 2 ] i: fc, frffilZ&tf 2 0 0 M P a IU.±, fttt 
«14<iIA<6. 3MPa-m 1/z &±T'3b&mMf^m 

CO 0 5 3] ^fgB^tc^^W^ffittgPWtJ^tf^cOlijg 

^}*»cj;ntt\ RiT^ao^±»7c^. MgA i 2 04 x 

kf $ ft ligtfk-e 9* A i: ^fkT )l ~ - ^ A t <d 

m&vo, &nm^m. t i, h f, zr, m<o<t£Va% 

1 6 0 0 tttTcDi6Sfit'l^tft«^»C 

43v^T^„ ^^e*og^k^tv^mMif^^*i:^^Imx±'^)^®m14 

CO 0 5 4] ^B-T-Si:, *«Wfc«*»*«tt»*tT 

m€o^B»j«i*fflv^*i:»K«aar«fl[* 1 6 o o 

ICWTK-TSC i:tcJ: 5, Sfktt^^ a B B fe^<D!K[fi!tfi 

5(DT% SfkltV^^S«i?l^±lc<fc DflS^nS 311 
j^AVJs? < ft 0 &^ffl<Dll§%/J^^ < f 3 C t A 1 *-:?* 5 CD 

CO 0 5 5] *ft, tm'U&t* 1 6 0 0 °CIXT£{&< T 
TLg^fiBSS/JMkT Set A^hIT'S t) > teA^ 0 **Wtt 

to «fc tfB^i±A^n/cH0fitta5» A^tt p. n * 0 ^ ^ fc 
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